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Over the last four decades, considerable advances in basic and applied science have
improved the understanding of the physiology and pathophysiology of cough. During
this time, there also have been advances in the clinical management of cough with
the development of systematic and protocol-based algorithms for diagnosing and
treating cough.1,2 This approach has formed the basis of current management guide-
lines for both adult and pediatric patients with cough.3–6 In recent years, however, there
has been a sense that progress has slowed with debate over the strength of the
evidence base for current treatment recommendations,7,8 the withdrawal of some es-
tablished therapies following safety concerns,9 and the recognition in both primary and
secondary care of greater proportions of symptomatic patients with idiopathic or unex-
plained cough.10–13 Such pessimism, however, seems misplaced given the number of
developments over this time in diagnostic and experimental techniques relevant to
cough. This article provides the authors’ opinion on the future direction of the treatment
of cough. The authors suggest that this requires a refinement of existing management
protocols and fresh thinking on the clinical syndrome of cough with more emphasis on
the common triggers and aggravating factors. Therefore, this article focuses on two
main areas: the optimization of existing recommendations for the management of
cough and the clinical features and consequences of cough reflex hypersensitivity
associated with common acute and chronic cough syndromes. Throughout this article,
to the authors highlight important gaps in knowledge and identify areas where
advances may be made to improve the treatment of cough in the future.
ACUTE AND CHRONIC COUGH—THE EXTENT OF THE PROBLEM

The exact prevalence of cough in the general population is difficult to quantify with
certainty, but depending on the population surveyed and the tools used, reported
figures range from 3.3% to 33%. Cough remains the most common reason for which
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patients seek medical advice, with an estimated 84 million consultations in the United
States during 1 year alone.14 Cough associated with the common cold is usually self-
limiting, but many individuals self-medicate, as reflected in the considerable expendi-
ture on over-the-counter (OTC) preparations. In 2008, a total of £102.9 million was
spent in the United Kingdom on cough syrups alone, and in the United States, the
figure for OTC cold remedies has been estimated in the range of $3 billion.15 The social
and financial burden of cough may be even greater if school and work absenteeism
associated with the common cold (estimated at between 40 and 100 million absences
per year) are considered.16 A more complete review of the worldwide problem of
cough is covered elsewhere in this series.
OPTIMIZING THE EXISTING PROTOCOLS FOR THE MANAGEMENT OF COUGH

Several consensus statements have been produced to help physicians assess and
treat patients with cough. In general, the recommended approach in both adult and
pediatric settings is to undertake a systematic, integrated evaluation of the patient
beginning with history and physical examination, baseline investigations followed by
a combination of diagnostic tests, and therapeutic trials based on a suspected
cause(s).3–6,17,18 At present, there is no agreement as to the optimal sequence of tests
or empiric trials and no strong evidence that such protocols are associated with supe-
rior outcomes to a nonprotocolized approach. A cost-effectiveness analysis of the
contrasting management strategies suggested that the test all then treat approach,
although the most expensive, had the shortest duration to treatment success
compared with a protocol of sequential trials of empiric therapy.19

Concerns over health care costs may become the major driver for change in the
management of patients with cough. The use of allied health care professionals to
manage clinical problems has been suggested as a means of controlling health care
expenditure.20 Arguing that such an approach could reduce the physician workload,
decrease patient wait times, and prove cost-effective, Field and colleagues undertook
a study comparing the outcomes of patients with chronic cough (defined as greater
than 4 weeks duration) managed by physicians with those managed by certified respi-
ratory educators (CREs, ie, a group of allied health care professionals with specialist
training and knowledge in respiratory diseases).21 Patients initially were screened, and
those with potentially serious underlying disease were excluded. The primary endpoint
was the number of patients reporting cough resolution (subjective improvement) at the
8-week follow-up. The authors reported a greater number reporting improvement in
cough (although similar improvements in quality of life), a shorter referral wait time,
and lower costs per successfully treated patient in the CRE arm compared with physi-
cian-treated arm. Although limited in its design, this study demonstrates that random-
ized controlled clinical trials of cough management protocols can be undertaken.
In the future, such studies will need to be conducted to establish the most practical
and cost-effective approach to managing cough. Widespread access to the World
Wide Web also has influenced the manner in which the general population access
health care information. Dettmar and colleagues22 reported their initial findings of
a prospective cohort study of patients accessing an Internet-based cough clinic diag-
nostic site designed to suggest a probable diagnosis and offer treatment advice based
along international recommendations. Over 8500 individuals completed the online
16-item diagnostic questionnaire and based on responses the causes for cough
were identified as reflux (46%), asthma/asthma syndrome (39%), or rhinitis (15%).
Unfortunately, the authors were only able to report follow data on a minority (approx-
imately 12%) of participants, and while most of those found the site easy to use, less
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than two thirds took the recommended treatment. The online cough clinic represents
a novel departure from current management of cough, but it may only prove useful for
suitably motivated cough patients.
DEVELOPMENTS IN THE DIAGNOSIS AND TREATMENT OF THE COMMON TRIAD
OF COUGH ETIOLOGIES

Asthma, gastroesophageal reflux disease (GERD), and upper airway cough syndrome
(UACS) remain the most commonly recognized causes of cough presenting to primary
and secondary care physicians. Over the last few decades, there have been few if any
changes in the treatment options available for these patients. This is unlikely to change
in the immediate future, but several technological developments (in particular nonin-
vasive diagnostic tools) may improve the capacity to accurately identify patients
most likely to respond to disease specific therapies. Success in this area would repre-
sent a significant advance and influence the approach to treatment of cough in the
future. The new developments relevant to each condition in the common triad of
cough etiologies will be discussed below.
Asthma/Eosinophilic Airway Cough Syndromes

A trial of inhaled corticosteroids or a short course of oral steroids remains an important
strategy in the management of chronic cough. Current guidelines suggest assessing
airway inflammation in all patients presenting with cough and giving trials of cortico-
steroids. This is based on strong evidence that asthma/eosinophilic airway syndromes
commonly cause cough.23–25 Cough variant asthma (CVA) is characterized by normal
spirometry, evidence of bronchial hyper-responsiveness on bronchoprovocation chal-
lenge testing, and improvement in cough with bronchodilators or corticosteroids; CVA
accounts for between 24 to 35% of those referred to specialist cough clinics.26 Eosin-
ophilic bronchitis (EB) is characterized by eosinophilic airway inflammation and
a steroid responsive cough; unlike asthma, however, it is not associated with bronchial
hyper-reactivity or variable airflow obstruction.27 There is no consensus on the optimal
method of assessing airway inflammation, the dose and duration of oral corticosteroid
trials, and the required length of treatment with inhaled corticosteroids.

Although well described,28 the routine use of induced sputum for the assessment of
airway inflammation in cough clinics has not been adopted widely. Some of the reluc-
tance to do so relates to the costs and technical expertise required to provide a reliable
service. The usefulness of exhaled nitric oxide (eNO) measurements as a surrogate
marker of both airway inflammation and hyper-responsiveness has been studied.
The measurement of fractional eNO (FeNO) is relatively simple and noninvasive, and
levels correlate well with eosinophilic airway inflammation.29 As FeNO levels are
increased in asthmatic coughers and patients with EB, the measurement of FeNO
represents an attractive means of selecting patients for steroid treatment. Several
studies have sought to identify baseline cutoff values most likely to identify treatment
responders. In a study by Prieto and colleagues,30 45% of subjects responded well to
4 weeks of treatment with fluticasone (100 mcg twice daily), but their chosen baseline
FeNO cutoff value of 20 parts per billion (ppb) was poor at predicting response with
a sensitivity and specificity of 53% and 63%, respectively.

The inhalation of mannitol is known to cause bronchospasm and cough possibly by
inducing an osmotic effect on the airway, leading to activation of inflammatory cells.
Asthmatics cough more than healthy controls, and with the development of mannitol
dry powder administration devices, mannitol may prove to be a practical and superior
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alternative to other indirect bronchial challenge methods in the identifying cough
patients likely to respond to a trial of anti-inflammatory therapy.31

GERD

Expert opinion largely has prevailed in the development of existing recommendations
for treatment of GERD-associated cough.4,32 These have focused mainly on the treat-
ment of acid reflux and based on fairly limited evidence have recommended high-dose
acid suppression for an extended duration (3 months or longer). The future manage-
ment and treatment of GERD-associated cough must extend beyond simply sup-
pressing acid with medical therapy and consider the role of new medicines and
evolving surgical techniques in the treatment of nonacid (volume) reflux.

The notion that treating GERD-associated cough with acid suppression has been
disputed for some time with doubt about the efficacy of trials of acid suppression33

and the reliability of existing diagnostic techniques (in particular 24-hour esophageal
pH monitoring) in identifying those likely to respond to acid suppression having
been raised.34 Recent attention has focused on multichannel intraluminal impedance
(MII-pH) monitoring, which has the advantage of identifying and characterizing both
acidic and nonacidic reflux episodes.35 In a study of healthy volunteers using MII-pH,
only 25% of reflux episodes reaching the pharynx were nonacidic.36 Recent findings
suggest that nonacidic reflux episodes are strongly associated with episodes of
cough.37 The value of prokinetic agents or treatments such as baclofen (which act
directly on lower esophageal tone) in managing volume reflux remains to be
confirmed. More likely to have a prominent place in the future treatment of patients
with cough caused by the nonacidic and volume effect reflux are surgical techniques
such as laparoscopic fundoplication. There have been several open-label studies of
laparoscopic fundoplication offered to patients with refractory cough that have re-
ported promising results.38,39 How best to identify patients likely to benefit and the
exact form of intervention (especially as technological advances in endoscopic proce-
dures emerge) are unknown.

UACS

Most patients with nasal secretions do not complain of cough,40 and the idea that post-
nasal drip represents a distinct disease has been questioned.41 Nonetheless, rhinitis or
rhinosinusitis commonly features in the reported causes of cough.42 The introduction of
the term UACS, which encompasses these two upper airway conditions, has helped
the move away from the reliance on a symptom profile (postnasal drip) and toward
a causative factor. Current recommendations for treating UACS suggest sedating
first-generation antihistamines, which although not universally available on prescrip-
tion, are preferred over newer agents.42 Intranasal corticosteroids are recommended,
but there is a lack of necessary detail as to the dose and duration of therapy.

As with the asthma/airway eosinophilia syndrome, future treatment strategies would
be helped greatly by noninvasive methods (ideally a point-of-care test) to identify
those likely to respond to specific therapy. At present, there is no support in the liter-
ature for the routine use of sinus computed tomography (CT) scanning for patients with
chronic cough, as up to 30% of asymptomatic adults will have mucosal abnormalities
on imaging43 nasal NO (nNO) has gained attention as a noninvasive technique in the
diagnosis of chronic rhinosinusitis. Low nNO correlates with patients who have
chronic rhinosinusitis with nasal polyps and could prove a quick, noninvasive test to
identify those patients likely to benefit from medical or also surgical management of
their disease.44 An open interventional study by Macedo and colleagues45 reports
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improvement in cough after 28 days treatment with fluticasone nasules, ipratropium
bromide, and azelastine nasal sprays.

The future of treatment in this area will be to accurately identify likely responders
and advances being made in both medical and surgical of upper airway disease.

COUGH REFLEX HYPERSENSITIVITY AND ITS ASSOCIATION WITH COMMON ACUTE
AND CHRONIC COUGH SYNDROMES

The cough reflex is hypersensitive in a range of respiratory diseases including acute
viral cough, asthma, chronic obstructive pulmonary disease (COPD), and pulmonary
fibrosis.46–48 It is also heightened in extrapulmonary diseases associated with cough
such as GERD49 and rhinosinusitis.10 The physiology of the cough reflex and the path-
ophysiological mechanisms responsible for sensitization (peripheral and central) have
been detailed elsewhere in this publication by Canning. In this section, the authors
suggest that a broader appreciation of the clinical consequences of cough reflex
hypersensitization and more insight into the neuroinflammatory events considered
mechanistically important should be a priority in future efforts to improve the treatment
of cough.

What are the Clinical Characteristics of Cough Reflex Hypersensitivity?

Patients frequently complain of bouts of coughing triggered by relatively innocuous
stimuli such as exposure to aerosols and scents, change in air temperature, or
when talking, laughing, or singing. These triggers are recognized by approximately
two thirds of patients referred with chronic cough,50 and because they occur during
the patients’ normal daily routine, this aspect of their condition is felt to be the most
disruptive. In the development of the two most widely used cough quality-of-life ques-
tionnaires, items perceived as important by patients included statements such as
‘‘exposure to paint or fumes made me cough,’’51 and ‘‘I can no longer sing, for
example in church’’.52

Airway hypersensitivity is not the only clinical symptom reported by cough patients,
as many describe an unpleasant sensation such as the urge to cough or the feeling of
an itch or choking sensation at the back of the throat, or sometimes central chest
discomfort. It is likely that these clinical features arise as a direct consequence of
cough reflex sensitization, as vagal anesthesia is known to inhibit them.53 These
symptoms are also absent in patients following bilateral lung transplant.54 The areas
of the cerebral cortex and brainstem that may activated by these vagal lung afferents
recently have been identified by researchers using functional magnetic resonance
imaging of the brain following inhalation of the tussive agent capsaicin by healthy
volunteers.55

A more widespread appreciation among general and respiratory physicians of the
symptom profile of airway sensory hyper-responsiveness reported by cough patients
is required. The development of health status questionnaires that capture the impact
of airway sensory hyper-reactivity more completely should be developed. These may
provide a novel and clinically relevant study endpoint for therapeutic trials in the
future.

Factors Associated with Cough Reflex Sensitization and the Development
of Chronic Cough

The human cough reflex is in a dynamic state of activation, and several exogenous and
endogenous factors may alter the degree of sensitization. One obvious example of this
is the change in cough reflex sensitivity following an upper respiratory tract infection.
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After a viral infection, the cough reflex becomes hyper-reactive and remains in this
activated state for a variable period. During this time, the patient is symptomatic,
although the cough typically subsides after 2 to 3 weeks,56 and the hypersensitive
cough reflex returns to its baseline state.46 In some circumstances, however, this hy-
persensitized state persists long after the initial triggering event, leading to a chronic
cough state (Fig. 1). It is unclear if this arises because of direct viral damage of the
peripheral sensory nerves or virus-induced changes in central processing of the
sensory signal. Several aggravating factors are believed to promote this transition to
a chronic cough state, and a schematic of possible relationships has been outlined
in the Fig. 2. Therefore, careful clinical assessment of the patient to identify some of
these factors is recommended.4 In some instances, simply removing the aggravant
(angiotensin converting enzyme-inhibitor or cigarette smoke) is sufficient. It is sug-
gested that the coexistence of two or more inflammatory (possibly infective) stimuli
to the airway (multiple hit) may be a factor in the development of more severe airway
disease.57 In a recent study of chronic cough patients referred to otolaryngology
clinics, Helicobacter pylori infection was detected in 86% of patients compared with
45% of controls. The cough responded to eradication therapy in 75% of cases, sug-
gesting a role for the detection and treatment of H pylori.58 It is recognized that women
are over-represented at cough clinics, but it is not clear why gender has such a strong
influence on the development of chronic cough. Females (both healthy and coughers)
have a heightened cough reflex compared with males,59,60 and there may be hormonal
factors that influence airway inflammatory events.61,62 On the other hand, this differ-
ence may be related to women demonstrating worse cough-related health-related
Fig. 1. Schematic of proposed changes in cough reflex sensitivity following viral upper respiratory
tract infection. Following a viral infection, the cough reflex becomes hyper-reactive and remains in
this activated state for a variable period of time (2 to 3 weeks), during which cough may be
provoked by innocuous stimuli such as exposure scents, aerosols, and changes in air temperature.
In most subjects, the hyper-reactivity diminishes, and the cough reflex responsiveness returns to
its baseline state. In some circumstances, however, this hypersensitized state persists long after
the initial triggeringevent, leadingtoachroniccoughstate. (FromMcGarveyL,McKeagneyP,Polley
L, et al. Are there clinical features of a sensitized cough reflex? Pulm Pharmacol Ther 2009;22(2):
59–64; with permission.)



Fig. 2. Schematic of the possible triggering and maintaining of cough reflex hypersensitivity
in patients with persistent cough (From McGarvey L, Polley L, MacMohan J. Review Series:
Chronic cough: Common causes and current guidelines. Chron Respir Dis 2007;4(4):
215–23; with permission.)
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quality of life than men, perhaps related to more urinary incontinence and other
adverse effects. Elucidating the mechanisms responsible for this gender association
will be an important advance in the development of new treatments for cough.
THE DEVELOPMENT OF NEW TREATMENTS FOR COUGH

An important factor responsible for directing efforts to develop new cough therapies
has been recent concerns over the safety of existing cough medicines particularly in
children. OTC cough and cold preparations are used commonly by children, particu-
larly those 2 to 5 years of age.63 Recent case reports detailing serious adverse events
following accidental ingestion have contributed to a decision to withdraw the sale of
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OTC for use in the under-5-year-old group.9 A further obstacle to the development of
new OTC treatment is the lack of evidence that such therapies provide much improve-
ment in symptoms over placebo.7,64 A major challenge will be to ensure that the effi-
cacy of potential new compounds is tested adequately in carefully designed clinical
trials.65

Another factor has been the increasing recognition of patients (usually adults) with
idiopathic or unexplained cough. Such patients are very difficult to treat, having gener-
ally failed to respond to several (intensive and extended) trials of therapy directed at
the commonly recognized causes of cough. A more complete discussion on unex-
plained cough has been provided elsewhere in this series by Irwin. Patients with
persistent cough and especially those with unexplained cough suffer significant
impairment in health status, and sometimes the only option for treatment is the use
of regular opiates.66 Currently available opiates, although effective as antitussives,
have a centrally acting mode of action, and their use is limited by neurologic adverse
effects such as sedation and addiction. Opioid receptors also are expressed on airway
sensory nerves,67 and identifying opiates with a more peripheral site of action or devel-
oping a means to deliver them to the peripheral airway would greatly minimize the
systemic adverse effects and would represent a major breakthrough for the pharma-
ceutical industry. Nociceptin, the endogenous opiate known to suppress capsaicin
and mechanically induced cough68,69 in animal models, does not target the opioid
receptors but rather the opioid-like nociceptin/orphanin FQ peptide (NOP1) receptor,
which is distributed centrally and peripherally, including in the airway.70 Several tro-
pane derivatives with high affinity for the NOP1 receptor recently have been synthe-
sized and have been suggested as potential treatments for cough.71,72 Clinical trials
evaluating the potential antitussive role for nociceptin in people are underway.

The clinical consequences of cough reflex hypersensitivity have been covered
earlier and typically feature bouts of coughing provoked by exposure to chemicals
(eg, cigarette smoke, acidic air pollutants) and thermal (cold air) irritants and the me-
chanostimulatory effects of inhaled air during laughing or singing. The cough reflex
may be sensitized at a peripheral or central level. The inhibitory activity of novel
compounds such as the selective cannabinoid 2 receptor antagonists on peripheral
sensory nerve function has shown promise in both animal and human models.73 Cen-
trally, the release of neuropeptides from the brainstem appears to influence central
cough reflex sensitization and represents a potential therapeutic target.74 Further
discussion on this area is outside the scope of this article.

Patients with chronic cough sometimes associate the onset of cough with an upper
respiratory tract infection.11 Following a respiratory virus infection, the airway reflexes
responsible for cough become hypersensitive,46,75 which may be thought of as equiv-
alent to the hyperalgesia recognized in chronic pain syndromes. Efforts to elucidate
the mechanisms of sensory hyperalgesia have resulted in the development of several
promising new treatments for pain.76 A logical strategy for the development of cough
treatments in the future would be the adopt some of these pain research findings
combined with a clearer understanding of the mechanisms of respiratory virus-
induced cough. One particular target of importance is the novel transient receptor
potential (TRP) cation channel family, which is expressed in many cell types including
airway sensory nerves77 and the bronchial epithelium.78 Several TRP channels, in
particular TRP channel, subfamily V, member 1 (TRPV1); TRP channel melastatin
member 8 (TRPM8); and TRP channel, subfamily A, member 1 (TRPA1), which are
activated directly by chemical, thermal, and mechanical stimuli, represent potential
candidate receptors responsible for respiratory virus-induced airway hypersensitivity.
Several TRP receptor antagonists are already in clinical development, and insights into
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the role of these receptors in virus-induced asthma exacerbations may identify new
therapeutic options.79

Drugs that directly block sensory nerve activation may inhibit the important protec-
tive reflex function that coughing provides. Therefore, therapy directed at inhibiting the
processes involved in afferent nerve sensitization seems a more logical approach to
drug development. The peripheral termini of sensory nerves express receptors several
mediators, including histamine, tryptase, tumor necrosis factor a, interleukin (IL)-1b,
IL-6, IL-8, bradykinin, and prostaglandin E2 (PGE2), which induce and maintain neural
sensitization and activation of nociceptors.80 Virus infection of the respiratory epithe-
lium is associated with release of an array of inflammatory mediators, neurotransmit-
ters, and growth factors.15 Experimental infection of cotton rats with respiratory
syncytial virus is associated with increased airway expression of nerve growth factor
(NGF) and its receptors.81 NGF is known to up-regulate airway sensory nerve function
with increased substance P expression, which can be inhibited with anti-NGF anti-
body. However, identifying the correct animal model in which to study the relevant
respiratory viruses and accurately measure cough as an endpoint remains a challenge.
To date, studies on mechanisms of virus-induced cough in people have been
extremely limited. In vivo studies of human challenge with rhinovirus have offered
important mechanistic insights into virus-induced exacerbations of asthma and
COPD.82,83 Similar in vivo studies are required in people with cough as a key study
endpoint. Advances in antiviral chemotherapy may offer hope for the sizable popula-
tion troubled with acute viral cough.
SUMMARY

There is broad agreement that new treatments for cough are needed. At present, there
is considerable effort by basic science and clinical researchers, in cooperation with
the pharmaceutical companies, to advance novel drug development. Recent interest
has focused on cough reflex hyper-reactivity and the associated abnormal airway
sensory hypersensitivity that is so troublesome for patients with cough. Treatment
aimed at resetting this cough reflex sensitization to baseline or predisease levels is
a key therapeutic objective.
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